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The present invention relates to a solar energy collection
apparatus and design method. In particular, the mmvention
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length and offset angle between the one or more reflectors
and the collector for a given latitude and other 1nputs.
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SOLAR ENERGY COLLECTION APPARATUS
AND DESIGN METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a 371 U.S. National Stage of Interna-
tional Application No. PCT/AU2014/000543, filed May 23,

2014, which claims the benefit of and priority to Australian
Patent Applications Nos. 2013901854, filed May 23, 2013;
2013902808, filed Jul. 29, 2013; and 201490028/, filed Jan.
31, 2014. The entire disclosures of each of the above
applications are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates 1n a solar energy collection
apparatus and design method. The mvention further pro-
vides a computer-implemented method of designing a solar
collection apparatus.

BACKGROUND TO THE INVENTION

Solar energy collators have been used for many years as
a source of renewable energy using solar irradiation, other-
wise known as insolation, to heat a fluid passing over a
surface or through a conduit, or to provide solar insolation
to other devices that collect heat for useful purposes. The
collectors are typically supported directly above a roof and
are angled by virtue of their mounting, or include frames to
angle the collectors approprately above a horizontal sur-
face. A challenge 1n this field 1s to achieve a highly eflicient
conversion of solar radiation to thermal energy and to
increase the temperature of the fluid to an extent that ensures
the utility of the fluid 1s improved for various energy
consuming processes.

Solar thermal collection systems typically perform poorly
in winter, late autumn and early spring, when users generally
seek to consume more or need the most heat for heating
systems. The performance of existing solar thermal collec-
tion systems 1s degraded further in the presence of cloud
cover, more common 1n cooler months. In summer, when
demand for heat 1s reduced because of lower losses to
ambient 1n commercial applications, and/or reduced usage
of heat 1n domestic applications, solar thermal collectors
perform most eflectively, collecting excess heat energy
compared with demand.

Typically, there 1s an excess capacity of summer heating
in fixed solar thermal collectors, and a deficit of heat
production 1n colder months. Where suflicient collectors are
deployed 1n a particular setting for collection of heat in cold
months, excess heat must be rejected 1n the warmer months.

The performance of fixed solar thermal collectors in
cooler months 1s also degraded in that the heat output 1s at
a lower temperature, such that the output 1s not at a sutlicient
temperature to meet the consumption requirement.

In addition, many apparatus are empirically positioned,
namely, with the same collector position and orientation
notwithstanding factors such as the time of year. Such
apparatus are directed generally towards the incoming solar
radiation at peak summer periods. Accordingly, such appa-
ratus are not designed to compensate for the diurnal changes
of the sun and vanation 1n the solar azimuth angle through-
out the year, that 1s unless they are physically re-oriented
throughout the year. Furthermore, most existing apparatus
known to the Applicant use only the upper surface of a
collector panel to collect or utilise the solar radiation.
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Accordingly, the existing apparatus are not particularly
cllicient 1n utilising the incoming msolation, which contrib-
utes to the atorementioned problems, particularly during the
cooler months when the sun 1s lowest above the horizon.

Attempts to address the above problems have largely been
unsuccessiul to date. For example, installing more solar
collectors for increased production of hot water in winter
requires a higher capital cost, and represents a commercially
infeasible solution compared to alternate heating methods.
An additional problem 1s the difliculty and expense associ-
ated with heat rejection of excess heat collected 1n summer.

Installation of moving collectors of concentrators to
improve winter performance, and allow any necessary
redaction 1n summer heating performance by “de-tuning” of
summer thermal collection, has also been attempted. How-
ever, this greatly increases the complexity and expense of
the systems, and reduces their commercial value, again
rendering this a non-commercial solution.

Installation of a heat store able to store heat for up to 5
years, to allow summer time collection and winter time
utilization of solar thermal sourced heat has been developed
in at least one location 1n Northern Canada. This solution
requires a “whole of village” development, as smaller sized
in-ground heat stores are not practicable. This solution 1s
largely 1mpractical as a retrofit installation since extensive
pipework 1s required between the large central heat store and
the consumers of energy in other buildings.

There has also been development of apparatus 1mcorpo-
rating reflector panels positioned relative to the collector to
provide solar energy to the collector not only from direct
solar radiation but from reflected radiation via the reflector
panels. However, apparatus of this type that are known to the
Applicant still employ an empirical design suited to 1mprov-
ing efliciency at one particular time of year, that 1s, they do
not 1iclude collectors and retlectors oriented relative to one
another specifically to ensure optimal performance through-
out the year for a given latitude. Accordingly, known appa-
ratus employing reflective panels, whilst successiul 1n
increasing efliciency at certain times of day at a particular
time of year, still sufler the same performance problems
associated with non-reflector collectors at other times of
year.

In addition to problems associated with the operation of
existing solar energy collection apparatus, the Applicant has
also recognized the need to address problems associated
with the design of such apparatus. There 1s no current
method known to the Applicant which provides a means of
designing a solar energy collection apparatus and 1n particu-
lar an orientation of a collector and one or more retlectors of
the apparatus for optimal performance over a selected time
of year (or year round) based at least on latitude. Indeed,
there are a number of other factors which may influence the
design of such apparatus. For example, a large variety of
existing roothines and orientations are typically encountered.
In addition, buildings at different latitudes may require a
different orientation of systems to achieve optimum pertor-
mance. In some 1installations, wintertime heat collection 1s
most important, while summertime heat collection must be
reduced to avoid excess energy accumulation. In other
installations, maximum energy collection ever the annual

cycle 1s desirable, while 1 a further scenario, maximum
summertime gain 1s desired. In other situations, the collec-
tion space may be restricted and maximum energy collection
per square meter 1s desired.
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The object of this invention 1s to provide a solar energy
collection apparatus and design method that alleviates the

above problems, or at least provides the public with a useful
alternative.

SUMMARY OF THE INVENTION

According to an aspect, the present invention provides a
solar energy collection apparatus to increase a quantum of
solar radiation 1ncident on a collector of solar energy, said
apparatus characterised by one or more reflecting surfaces in
a location proximate to and at a distance from the collector,
and at an angle or angles other than at a right angle to the
collector; the reflecting surfaces each having a reflective
surface area, wherein the one or more reflectors have an
entire surface area to collector surface area ratio of at least
25%, and wherein the location, displacement, and angle or
angles of the one or more reflecting surfaces relative to the
collector are such that an increase in the quantum of solar
energy incident on the collector 1s achieved for a majority of
sunlight hours during most days of the annual cycle.

In an embodiment the one or more reflecting surfaces are
substantially immobile and planar surfaces.

In an embodiment, at least the displacement from or the
angle formed between a plane of the solar collector and a
plane of each of the one or more retlectors 1s predetermined
to achieve a specific increase up to a maximum theoretical
increase in the quantum of solar energy incident on the
collector.

In an embodiment, determination of the displacement
from or the angle formed between a plane of the solar
collector and a plane of each of the one or more reflectors 1s
based on a given latitude.

In an embodiment, said given latitude 1s between 60
degrees North and 60 degrees South of the Equator.

In an embodiment, determination of the displacement
from or the angle formed between a plane of the solar
collector and a plane of each of the one or more retlectors 1s
based on a given angle of the solar collector from a reference
plane.

In an embodiment, determination of the displacement
from or the angle formed between a plane of the solar
collector and a plane of each of the one or more reflectors 1s
based on a given orientation and dimension of the collector.

In an embodiment determination of the displacement from
or the angle formed between a plane of the solar collector
and a plane of each of the one or more retlectors 1s based on
a given dimension or displacement of each of the one or
more reflectors from the solar collector.

In an embodiment, determination of the displacement
from or the angle formed between a plane of the solar
collector and a plane of each of the one or more retlectors 1s
based on a given number of one or more reflecting surfaces
used 1n the apparatus.

In an embodiment, the solar energy collector has a length-
wise direction and 1s positioned on a mounting surface
having a maximum available length along said length-wise
direction, wherein pre-determination of the number of
reflecting surfaces 1s based on the maximum available length
of the mounting surface.

In another aspect, the present invention provides a method
of configuring a solar energy collection apparatus, the
method characterised by the steps of providing one or more
reflecting surfaces at a location proximate to and at a
distance from a collector of solar energy, sizing the one or
more reflecting surfaces and the collector such that the ratio
between the entire reflective surface area of the one or more
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reflecting surfaces and the collector surface area is at least
25%, and orienting the one or more reflecting surfaces such
that each reflecting surface i1s oriented at angle or angles
other than at a rnight angle to the collector, wherein said
location, displacement, and angle or angles of the one or
more reflecting surfaces are chosen to cause an increase in
the quantum of solar energy incident on the collector for a
majority of sunlight hours during most days of the annual
cycle.

In yet another aspect, the present mvention provides a
method of designing a solar energy collection apparatus,
said method including receiving data relating to m latitude,
installed angle, orientation and dimension of a collector of
solar energy, receiving data relating to a dimension of or
displacement of each of one or more reflecting surfaces
proximate to and at a distance from the collector, determin-
ing, based on the recerved data, at least a displacement from
or an angle formed between a plane of the solar collector and
a plane of each of the one or more reflectors to achieve a
specific increase up to a maximum theoretical increase 1n the
quantum of solar energy incident on the collector compared
with a quantum of solar energy incident on the collector
alone.

In yet another aspect, the present mvention provides a
method of determining a quantum of solar radiation incident
on a collector of solar energy, the collector recerving direct
solar radiation from the sun and indirect radiation from one
or more reflecting surfaces proximate to and at a distance
from the collector, the method including receiving data
relating to characteristics of a collector of solar energy
including a latitude, installed angle, orientation and dimen-
s1on thereot, receiving data rotating to characteristics of one
or more reflecting surfaces proximate to and at a distance
from the collector including a dimension of or displacement
of each of the one or more reflecting surfaces, and deter-
mining, based on the received data, a quantum of solar
energy incident on the collector.

In an embodiment, the method turther includes receiving
subsequent data relating to characteristics of the collector or
one or more reflecting surfaces, wherein said subsequent
data may include substitute data, and determining, based on
the received data and subsequent data, a quantum of solar
energy incident on the collector.

In an embodiment the method further includes displaying,
on a user interface, the quantum of solar energy incident on
the collector or a measure of performance derived therefrom.

In an embodiment, the method turther includes receiving
data relating to physical constraints associated with a mount-
ing surface of the collector.

In an embodiment, said physical constraints include a
dimension, orientation or angle of said mounting surface.

In an embodiment, said physical constraints further
include adjacent structures which cause said one or more
reflecting surfaces to be i shadow.

According to an aspect, the present mvention provides a
method of determining a quantum of solar radiation incident
on a collector, the method characterised by steps including
determining a position of the sun in the sky at a given
latitude at a given moment or period of daylight through the
year, determining an area of one or more reflecting surfaces
that are positioned to reflect solar radiation to a surface of
the collector at said moment or during said period assuming
none of the reflecting surface 1s 1n shadow, determining an
area of the one or more reflecting surfaces that 1s 1n shadow
and which hence cannot retlect solar radiation to a surface of
the collector at said moment or during said period, deter-
mining an area of the collector that receives direct solar
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radiation from the sun, and determining the quantum of solar
radiation incident on the collector by adding the area of the
one or more reflecting surfaces that are positioned to reflect
solar radiation to the collector surface to the area of the
collector recerving direct solar radiation, and subtracting the
area of the one or more reflecting surfaces 1n shadow.

It should be noted that any one of the aspects mentioned
above may include any of the features of any of the other
aspects mentioned above and may include any of the fea-
tures of any of the embodiments described below as appro-
priate.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred features, embodiments and variations of the
invention may be discerned from the following Detailed
Description which provides suflicient information for those
skilled 1n the art to perform the invention. The Detailed
Description 1s not to be regarded as limiting the scope of the
preceding Summary of the Invention in any way. The
Detailed Description will make reference to a number of
drawings as follows.

FIG. 1 1s a schematic side view of a solar energy collec-
tion apparatus in accordance with an embodiment including,
a collector and a single reflector, wherein a collector angle,
a reflector length and angle, and an oflset length and offset
angle are defined.

FI1G. 2 15 a graph displaying total dailly summer insolation
falling on a collector versus reflector angle for a single
reflector apparatus located at 34° S 1n accordance with an
embodiment.

FIG. 3 1s a graph displaying total daily winter insolation
falling on a collector versus reflector angle for a single
reflector apparatus located 34° S 1n accordance with an
embodiment.

FIG. 4 1s a graph of insolation versus offset length for a
single reflector apparatus located at 34° S 1n accordance with
an embodiment.

FIG. 5 1s a graph of insolation versus time of day for a
single reflector apparatus located at latitude 34° S 1n mad-
summer (Total) compared with an un-augmented (Typical)
system.

FIG. 6 1s a graph of insolation versus time of day for a

single reflector apparatus located at latitude 34° S 1n mad-
winter (Total) compared with an un-augmented system
(Typical).

FIG. 7 1s a schematic side view of a solar energy collec-
tion apparatus in accordance with an embodiment including,
a collector and two reflectors, wherein a collector angle, a
first retlector length and angle, a second retlector length and
angle, and an oflset length and offset angle are defined.

FIG. 8 1s a perspective view of a solar energy collection
apparatus according to an embodiment including a collector
and two reflectors.

FIG. 9 1s a perspective view of a solar energy collection
apparatus according to an alternate embodiment including a
collector and two reflectors.

FIG. 10 1s a side schematic view of a solar energy
collection apparatus according to an embodiment in which
the apparatus 1s facing north and includes a collector and two
reflectors wherein the angle of incoming 1nsolation 1s at, or
around, the Winter solstice.

FIG. 11 1s a side schematic view of the apparatus of FIG.
10 wherein the angle of incoming insolation 1s at, or around,
the equinox.
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FIG. 12 1s a side schematic view of the apparatus of FIG.
10 wherein the angle of incoming 1nsolation 1s at, or around,
the Summer solstice.

FIG. 13 1s a graph of insolation versus dime of day for a
double reflector apparatus located at latitude 34° S 1n
mid-summer (Total) compared with un-augmented system
(Typical).

FIG. 14 1s a graph of insolation versus time of day for a
double reflector apparatus located at latitude 34° S 1n
mid-winter (Total) compared with an un-augmented system
(Typical).

FIG. 15 1s a three-dimensional graph of total daily inso-
lation 1n summer versus reflector angles for each reflector of
a double reflector apparatus located at latitude 34° S.

FIG. 16 15 a three-dimensional graph of total daily 1nso-
lation 1n winter versus reflector angles for each reflector of
a double retlector apparatus at latitude 34° S.

FIG. 17 1s a schematic side view ol a solar energy
collection apparatus including a collector and three reflec-
tors, wherein a collector angle, a first retlector length and
angle, a second retlector length and angle, a third reflector
length and angle, and an offset length and offset angle are
defined.

FIG. 18 1s a perspective view of a solar energy collection
apparatus according to an embodiment 1including a collector
and three retlectors.

FIG. 19 1s a side view of a solar energy collection
apparatus according to an alternate embodiment including a
collector and three reflectors.

FIG. 20 1s a graph of insolation versus time at day for a
triple retlector apparatus located at 34° S 1n mid-summer
(Total) compared with un-augmented system (Typical).

FIG. 21 1s a graph of insolation versus time of day for a
double reflector apparatus located at 34° S 1n mid-winter
(Total) compared with an un-augmented system (Typical).

FIG. 22 is a three-dimensional graph of total daily inso-
lation 1n summer versus reflector angles for second and third
reflectors of a triple retlector apparatus located at latitude
34° S.

FIG. 23 15 a three-dimensional graph of total daily inso-
lation 1n winter versus retlector angles for second and third
reflectors of a triple reflector apparatus located at latitude
34° S.

FIG. 24 1s a graph of insolation versus month for a triple
and quadruple reflector apparatus located at 35° S latitude.

FIG. 25 15 a perspective view of a solar energy collection
apparatus according to an embodiment including a collector,
three reflectors and additional side reflectors.

FIG. 264 15 a perspective view of a solar energy collection
apparatus according to an embodiment including a plurality
of substantially horizontal collectors disposed adjacent four
reflective surfaces.

FIG. 265 15 a perspective view of a solar energy collection
apparatus according to an embodiment including a plurality
of upright collectors disposed adjacent four retlective sur-
faces.

FIG. 27 1s a perspective view of a solar energy collection
apparatus according to an embodiment including two col-
lectors and three reflectors associated with each collector,
wherein the apparatus 1s configured for integration nto a
sloped surface.

FIG. 28 1s perspective view of a solar energy collection
apparatus according to an embodiment 1including a collector
and three reflectors wherein the apparatus 1s enclosed by a
glass roof.

FIG. 29 1s perspective view of a solar energy collection
apparatus according to an embodiment including two col-
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lectors and three reflectors associated with each collector,
wherein the apparatus 1s configured for use along a vertical
surface.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The following detailed description of the invention refers
to the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings and
the following description to refer to the same and like parts.
Dimensions of certain parts shown in the drawings may have
been modified and/or exaggerated for the purposes of clarity
or illustration.

It 1s to be understood at the outset that reference to
“reflector”, “reflective surface”, “reflecting surface”,
“reflective face”, “reflective portion” or “reflective panel”
herein are reference to the same or like feature being a
surface, panel, etc, intended to reflect radiation. Likewise,
reference to “collector” or “collector panel” are reference to
the same or like feature being a collection surface tube(s),
device, panel(s), etc, for collecting solar radiation. Refer-
ence to “planar” herein i1s mtended to describe a character-
istic of surface that does not focus solar radiation. Reference
to “un-augmented” herein 1s intended to describe a solar
thermal collector without associated reflective surfaces. Ret-
erence to “distance” or “displacement” herein are reference
to a same or similar measure of space between one point or
object from another.

According to an aspect the present invention relates to a
solar energy collection apparatus 10 that increases a quan-
tum of solar radiation incident on a collector of solar energy
121. The apparatus 10 may be characterised by the collector
including first 14 and second 16 sides for collecting incom-
ing solar radiation, and one of more reflecting surfaces 18
located procreate to and at a distance from the collector 12,
and at an angle or angles other than at a rigid angle to the
collector, the reflecting surfaces each having a reflective
surface area. The apparatus 10 may be further characterised
by the one of more reflecting surfaces having a combined
reflective surface area to collector area ratio of at least 25%.
The apparatus 10 may be further characterised by the
location, displacement, and angle or angles of the one or
more reflecting surfaces relative to the collector being such
that an 1ncrease 1n the quantum of solar energy incident on
the collector 12 1s achieved for a majority of sunlight hours
during most days of the annual cycle.

According to another aspect, the present invention relates
to a method of manufacturing, configuring or erecting a solar
energy collection apparatus including providing one or more
reflecting surfaces at a location proximate to and at a
distance from a collector of solar energy, sizing the one or
more reflecting surfaces and the collector such that the ratio
between the entire reflective surface area of the one or more
reflecting surfaces and the collector surface area is at least
25%, onienting the one or more reflecting surfaces such that
cach retlecting surface 1s oriented at angle or angles other
than at a right angle to the collector, wherein a location,
distance, and angle or angles of the one or more reflecting
surfaces are chosen to cause said increase 1n the quantum of
solar energy.

In another aspect, the present invention relates to a
method of determining a quantum of solar energy incident
on a collector 12 based on received or mput data. Such a
method may be useful 1 altering the configuration of an
already installed apparatus 10, or designing an apparatus 10
that 1s yet to be stalled at a particular location. The method
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may be characterised by the steps of receiving data relating
to known characteristics of the collector of solar energy
including a latitude, angle, orientation and dimension
thereol, recerving data relating to known characteristics of
one or more reflecting surfaces proximate to and at a
distance from the collector including a dimension of or
displacement of each of the one or more retlecting surfaces
from the collector, and determining, based on the received
data, a quantum of solar energy incident on the collector. In
an embodiment, subsequent mput data which may include
data that substitutes the original input data is received, and
the determination of a quantum of solar energy incident on
the collector may be re-calculated based on the original
and/or subsequent data. The skilled addressee would thus
realise that an 1terative approach may be taken during design
or re-design of an apparatus 10.

Other characteristics which may form part of mput data
include, but are not limited to, orientation relative to the
equator (e.g. east-west or north-south facing), camber of a
proposed 1nstallation surface, usable space (length and
breadth), panel retlectivity, solar intensity, absolute collector
dimensions and other collector technical specifications.

A tfurther characteristic may be a physical constraint such
as a shadow on the one or more retlective surfaces caused by
the collector and/or adjacent structures during certain times
of day. According to yet another aspect, the present inven-
tion provides a method of determining a quantum of solar
radiation 1ncident on a collector, with steps including deter-
mining a position of the sun in the sky at a given latitude at
a given moment or period of daylight through the year,
determining an area of one or mom reflecting surfaces that
are positioned to retlect solar radiation to a surface of the
collector at said moment or during said period assuming
none of the reflecting surface 1s 1n shadow, determining an
area of the one or more reflecting surfaces that 1s 1n shadow
and which hence cannot retlect solar radiation to a surface of
the collector at said moment or during said period, deter-
mining an area of the collector that receives direct solar
radiation from the sun, determining the quantum of solar
radiation incident on the collector by adding the area of the
one or more reflecting surtaces that are positioned to reflect
solar radiation to the collector surface to the area of the
collector receiving direct solar radiation, and subtracting the
area of the one or more reflecting surfaces 1n shadow.

Rather than a desired quantum of solar radiation incident
on the collector, or other associated measure of performance,
being output as a result of carrying out the method, data
relating to a desired performance may be mput so as to
determine optimal characteristics of the collector and/or one
or more reflective surfaces. In an aspect the present inven-
tion mvolves a method of designing a solar energy collection
apparatus including receiving data relating to a latitude,
installed angle, orientation and dimension of a collector of
solar energy, receiving data relating to a dimension of or
displacement of each of one or more reflecting surfaces
proximate to and at a distance from the collector, and
determining, based on the recerved data, at least a displace-
ment from or an angle formed between a plane of the solar
collector and a plane of each of the one or more reflectors to
achieve a specific increase up to a maximum theoretical
increase 1 the quantum of solar energy incident on the
collector compared with a quantum of solar energy incident
on the collector alone. The invention 1s not mtended to be
limited to any one way of determining the displacement
from or angle formed between a plane of the solar collector
and a plane of each of the one or more retlectors, but the
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following provides a detailed example with reference to
single, double and triple reflector apparatus.

In the Figures and tables presented herein, the character-
1stics of each of the collector and one or more retlecting or
reflective surfaces 1s referenced by symbols. For example, a
solar energy collector 12 may be positioned at a latitude 1
and oriented at a collector angle ¢. A first retlective surface
20 of the one or more reflective surfaces 18 may include a
reference point that 1s furthest from the Equator along a near
edge 22 thereof. The collector 12 may also include a
reference point that 1s furthest from the Equator along a rear
edge 24 thereol and the first reflective surface 20 may be
spaced from the collector 12 by an oflset length o defined by
the distance between the respective reference points. An
oflset angle w may be defined by the collector reference
point relative to a reference axis 26, for example, extending
through the reflector reference point. The first reflective
surface 20 and the solar energy collector 12 may be oriented
according to an offset distance o and oflset angle w to ensure
optimal year round or part year performance at a given
latitude 1.

In an embodiment, the first reflective surface 20 includes
a pre-calculated reflector length RL and 1s oriented accord-
ing to a retlector angle 0. The reflector angle 0 may be
defined by the angle of the first reflective surface 20 relative
to a reference axis 28 associated with the first reflective
surface, 1 the embodiment shown being a horizontal axis
extending through an edge 29 opposite the edge 22.

The one or more reflective surfaces 18 may include a
second reflector 30, a third reflector 32, and up to n reflec-
tors, wherein each additional reflector may 1nclude a reflec-
tor length RL,, RL; . . . RL  and a reflector angle 0.,
0,...0, defined by the angle of each reflective surface 30,
32 . . . n relative to a reference axis 34, 38 . . . n, 1n the
embodiment shown being a horizontal axis 34, 36 . . . n
extending through the edge of each surface that 1s farthest
away Irom the edge 22 of the first retlector. The lengths
including the ofiset length and RL, RL,, RL; . .. RL , may
be expressed in terms or as a ratio of the collector length.
Whilst the reflectors are shown in some of the Figures as
being adjoining, there 1s no specific requirement that they
cach join, and indeed it may be preferable to have them
separated to assist 1n rainwater runoil as shown for example
in FIG. 26.

The reader 1s directed to an apparatus 10 including a
single reflector 20 1n accordance with an embodiment 1n
FIG. 1 with corresponding graphs shown i FIGS. 2-6, an
apparatus 10 including two reflectors 20 and 30 in accor-
dance with an embodiment 1n FIG. 7 with perspective views
of example installations 1 FIGS. 8-12 and corresponding
graphs 1n FIGS. 13-16, and an apparatus 10 including three
reflectors 20, 30 and 32 in accordance with an embodiment
with perspective views of example installations 1n FIGS.
18-19 and corresponding graphs in FIGS. 20-24. FIGS.
25-29 show various example installations 1n accordance
with still further embodiments of the present invention. In
cach embodiment, the retlector(s) are deposed so as to
increase insolation falling on the collector during the solar
cycle, without moving the reflector positions. Diflerent parts
of the reflector(s) may produce irradiation of the first and/or
second surface of the collector at different times of the day
and during different times 1n the annual cycle.

In apparatus involving more than one reflector, the path of
reflected radiation may be directly from a first reflective face
to the first and/or second side of the collector, from a first to
a second retlective face and then to the first and/or second
side of the collector, simultaneously from two or more
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reflective faces to the first and/or second side of the collec-
tor, or from one and then from another to the first and/or
second of the collector, at different times 1n the daily or
annual solar cycle. This pattern of reflection 1s achieved
without moving the position of the reflectors during the
period of wrradiation. The reader should however appreciate
that parts of the apparatus may, 1n some 1mplementations
include one or more movable parts that may be motorised.
For instance the reflective portions may be moveable rela-
tive to each other and in some implementations may be
motorised to vary their relative angle 0, 0,, 0., and so on.

It will become apparent from a viewing of the examples
shown 1 FIGS. 8-12, 18-19 and 24-28 that the apparatus 10
may be configured to be mounted above a surface 37, which
may be the roof of a residential home or building or other
surface. The collector(s) 12 and/or retlector(s) 18 may also
or alternatively be mounted on a frame 38. The reflector 18
may be rigid to thereby support the collector 12 thereon, as
shown by way of example in FIG. 8. The surface 14 of the
collector 12 may be configured for exposure to direct
insolation as indicated by arrows 40 throughout the Figures.
The surface 16 of the collector may be configured for
exposure to retlected insolation from one of more of the
reflective faces 18 of the reflector at any one time, as
indicated by arrows 42 throughout the Figures.

In the embodiment of FIG. 8, the reflectors 18 include a
first reflective face 20 and a second retlective face 30. At
least some of the incoming insolation during the diurnal and
annual cycles 1s reflected from the second reflective face 30
onto the first retlective face 20 prior to irradiating the surface
16 of the target 12. The first and second reflective faces 20
and 30 may be substantially planar to ensure that light 1s not
focused on one point of the surface 16 of the collector 12.
The present Applicant has determined that the focusing that
occurs with parabolic reflectors, for example, 1s undesirable
for use on solar panels and solar thermal devices. The reader
should however appreciate that the faces may be slightly
curved.

As further illustrated 1n FIG. 8 the collector 12 may be 1n
the form an appropriate solar thermal device such as those
available off-the-shelf 1n a number of different configura-
tions. One known solar thermal collector includes a plurality
of longitudinal clear glass tubes 44 each containing a heat
pipe (not shown) which terminates at one and inside a
manifold 46 which houses fluid to be heated. The heat pipes
may contain water or other liquid such as propylene glycol.
The heat from the hot end of the heat pipes 1s transterred to
the fluid mside the manifold, which may then be stored in a
hot water tank 48 via pipe 50, such as that shown in FIG. 8.
The hot water may be utilized or may be transferred to
another site for generating electricity, 1t 1s to be understood
that the present invention 1s not mtended to be limited to any
one type of solar thermal collector. For example, solar
thermal collectors 1n which fluid 1s passed directly through
the tubes may also be effectively used. The collector 12 may
alternatively include two single-sided photovoltaic modules
(not shown) positioned 1n a back-to-back configuration. The
upper photovoltaic module may be configured to be exposed
primarily to incoming insolation end the lower photovoltaic
module may be configured to resolve reflected isolation 42
from the reflective portion 18. Alternatively, a bi-facial
photovoltaic module may be used.

FIGS. 10 to 12 illustrate the relative angle of the insola-
tion at three times through the annual cycle for an apparatus
including two reflectors orientated north and located 1n the
southern hemisphere for example.
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FIG. 10 1illustrates the general angle of the mmcoming
insolation 40 around the time of the winter solstice, when the
sun 1s closest to the northern horizon. At this time of the year
the sun’s rays arrives at a low angle. The incoming 1nsola-
tion 40 1s then reflected ofl the second retlective face 30 onto
the first reflective face 20 prior to 1rradiating the surface 16
of the target 12. This reflected insolation 42 then heats the
surface 16 of the collector around the winter solstice,
thereby improving the etliciency of the apparatus 10.

The reflectors 18 may be planar sheets of metal having a
relatively smooth upper surface so that they provide a
generally polished finish, although this i1s not essential. As
shown 1 FIG. 11, at a time of the year around the equinox
when the sun 1s higher in the sky some of the mmcoming
insolation 40 may be reflected off one reflective face only,
that 1s, at least the second reflective face 32 onto the surtace
16 of the collector 12. Furthermore, where the first reflective
surface 20 extends above the collector, and thereby altering
the oflset length and offset angle as shown, some of the
incoming insolation 40 may be reflected from an upper
portion of the first reflective surface 20 back onto the surface
14 of the collector.

As shown i FIG. 12, during or around the time of the
summer solstice, when the sun 1s at its apex, the sun 1s
positioned generally above the collector 12 and the retlector
30 1s generally shaded as indicated by broken line 52.

As the reader will now appreciate, the surface 14 of the
collector 12 may be arranged so that 11 1s exposed primarily
to incoming insolation 40. However as 1llustrated 1n FIG. 11,
for example, the surface 14 can also be 1rradiated by
reflected msolation 42 by the reflector 20 that extends above
the top edge 24 of the collector 12. The surface 16 1s
predominantly 1rradiated by reflected insolation 42 from the
reflector 30.

The exposure of both surfaces 14 and 16 of the collector
12 to the incoming 1nsolation increases efliciency 1n that the
apparatus 10 may utilize the available solar radiation. The
skilled addressee will also appreciate that increases 1n efli-
ciency also occur using a single reflector apparatus 10, as per
the apparatus shown 1n FIG. 1 for example, provided that at
least the offset length and offset angle between the reflector
20 and collector 12 1s pre-calculated based at least on the
latitude 1 to ensure optimal performance.

As the amount of insolation directed onto the collector 12
1s increased, the temperatures reached within the tubes 44 of
cach collector increases likewise. This may improve the
clliciency of the apparatus, meaning that the apparatus
footprint or else of the collector 12 may be reduced.

As discussed earlier, a solar energy collection apparatus
10 according to an embodiment may also include third or
fourth or more retlective faces 18. A third or fourth reflective
face may be added with advantage, with similar patterns of
irradiation meaning the surface of the collector, either from
one to another and thence to the collector, simultaneously
reflecting from two, three or more reflectors to the collector,
or sequentially first from one and then from another to the
collector, through the cycle. In general, the number of
collectors 12 and reflectors 10 necessary to ensure optimal
performance at any one site may be determined based upon
factors 1n addition to a determination based solely on
latitude 1, for example, the maximum available space 1n a
length-wise and/or breadth-wise direction at the site. The
number of reflectors, their length and their angles may be
pre-calculated based on a dimension of the available space
and the latitude 1. However, for any one site, the latitude |
alone may provide suflicient information to derive a “usetul”
output. In particular, the latitude provides two angles of solar
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insolation at that latitude (winter and summer solstice
angles). Based on these two angles, the collector angle,
oflset length and offset length may be determined, as well as
the length and angle of the one or more reflectors 18.

The active area of the reflector or reflectors 1s able to be
defined for any specified latitude 1n such a way that the
orientation of a portion of a reflecting surface permitting a
direct retlected path to a surface of the collector at one time
of the day or year can also produce an indirect reflected path
for insolation reaching the surface of the collector via a
second reflective surface at another time of the day or year.
For certain positions of the retlective surfaces, one portion
of the surface retlects 1nsolation to a surface of the collector
at one time of the day or the year, while another portion of
the reflecting surtace reflects 1nsolation to the surface of the
collector at another time of the day or year. In this way, the
surface of the collector 1s continuously exposed to reflected
insolation by one or more than one path, as the sun moves
across the sky durmg the course of each day, an eflect
identical to moving the collector and/or retlecting surfaces to
maintain insolation mtensity on the collector, but without the
requirement to move eitther the reflecting surfaces or the
collector. The apparatus eflectively tracks the sun without
moving parts.

The planar nature of the reflective surfaces was described
carlier. This ensures the intensity of the reflection from the
planar reflective faces in the system when measured normal
to the reflected radiation from any portion of the apparatus
10 does net exceed the intensity of five primary incoming,
radiation measured normal to the direct insolation. There 1s
therefore no potential for the development of “hot spots™ in
parts of the collector as the incoming solar radiation 1s not
focused to produce a greater intensity at any point than the
intensity of the incoming radiation. The total intensity of
insolation to some points of the collector 1s increased where
there 1s more than one path for incoming radiation to reach
the collector. The net result 1s that the radiation reaching the
collector 1s increased up to three fold, without being focused
to a localized zone of increased thermal energy. Because
there 1s no focusing by the reflecting surfaces, the faces can
be arranged to reflect insolation to the surface of the col-
lector at different times of the solar cycle without moving.

The mventor has recognized that that the apparatus 10 as
compared against existing apparatus can be up to six times
more eilicient 1n early Spring. In a comparison test between
an unaugmented system and the apparatus 10 of the present
invention 1n a test performed at 34° S 1n early Spring 1t was
found that the total energy collected by the collector
increased from 6 MIJ per day to 48 MJ per day.

It has also been found that the use of the reflector(s)
results 1n higher temperatures being reached earlier in the
day and maintained for a longer duration each day than these
of existing systems. This produces more energy per day per
target, thus improving the utility of the apparatus.

Testing has shown that the three collector system oflers a
worthwhile improvement, notably in the summer months.
As systems employ greater numbers of reflectors, the overall
performance of the system tends to increase, however 1t 1s
expected that the additional complexity of adding more/
smaller reflectors may outweigh the benefits. FIG. 24 com-
pares the performance of three or four retlector apparatus at
35° latitude and shows that a fourth reflector can ofler
approximately a 10% performance improvement 1n spring
and autumn.

Testing has also shown that there 1s a greater gain to be
had moving from one to two reflectors than from two to
three retlectors. The same gain 1s seen moving from three
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reflectors to a particular four reflector design, specifically
optimised for latitude (34° S).

Before turning to the various graphs associated with each
of the single, double and triple reflector apparatus shown by
way of example 1 FIGS. 1, 7 and 17, the reader 1s directed
to FIGS. 25-28 which illustrate further embodiments of
apparatus 10. Some of these embodiments illustrate collec-
tor/retlector configurations which have been designed to
account for other factors increase accuracy and/or utility.
Such factors may include, but are not limited to, the orien-
tation relative to the equator (e.g. east-west or north-south
facing), camber of a proposed installation surface, usable
space (length and breadth), panel retlectivity, solar intensity,
absolute collector dimensions and other collector technical
SpeCs.

For example, the single collector, triple retlector appara-
tus 10 shown i FIG. 25, which 1s north-facing in the
southern hemisphere, includes a fourth face 52 and fifth face
54. The fourth and fifth faces 52 and 54 may be positioned
to eirther side of the first, second and third faces to reflect
insolation when the sun is close to the horizon. In this way,
turther retlected insolation 42 can be directed towards the
surface 16 soon after dawn 56 and/or prior to dusk 58. Of
course, rather than having separate faces, the existing faces
20, 30 and 32 may simply be manufactured to have an
increased breadth-wise dimension, 1t has been shown that a
reflector breadth of 3 times that of the collector 1s a practical
maximum, with any further increase 1n width offering mini-
mal return for the extra material and space required. The
fourth and fifth faces can also compensate for changes 1n the
solar azimuth angle throughout the year when the apparatus
1s positioned 1 a generally east-west orientation, for
example.

The fourth and fifth faces 52 and 54 may reflect the
insolation directly onto the surface 18 of the collector 12, as
illustrated 1n FIG. 235, or the insolation may be retlected onto
one of the other reflective faces 20, 30 and 32 prior to
irradiating the surface 18 of the collector 12.

The apparatus 10 of FIG. 28 illustrates a bank or series of
collectors 12 positioned above an extended set of four
reflective faces of length RL to RL, and angles 0 to 0,. It 1s
evident 1n this embodiment that a reflective face may consist
ol a number of panels depending on the required dimension
of the face as opposed to a single panel.

The apparatus 10 may be manufactured to suit a range of
roof gradients and configured to accommodate roof surfaces
facing north, east, west or south or therein between. In this
way an installer of the apparatus can select the configuration
that best suits the environment. While many of the examples
shown, the apparatus 1s located in the southern hemisphere
and hence the reflectors are facing north, the apparatus can
work equally well at similar latitudes 1n the northern hemi-
sphere with the reflectors facing south.

The apparatus 10 of the invention may also form integral
parts of structures such as homes and buildings. FIG. 27
shows an apparatus 10 according to an embodiment where
in the apparatus 10 1s integrated into the building structure
(roof) and includes two collectors 12 (which may be
clevated by a frame or similar supporting component that 1s
not shown) and a reflector 18 disposed there beneath 1nclud-
ing three retlective faces 20, 30 and 32 for each collector.
The reflector 18 i1s configured to be integrated into the
sloping roof of the structure. Depending upon the size of the
root, the apparatus 10 may include less or more than the two
collectors shown. Not only can the retlector 18 be retrofitted
to an existing sloping roof, it may be integrated into newly
built roof structures.
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FIG. 18 illustrates an apparatus 10 housed inside a trans-
lucent roof structure 60. It 1s to be understood that any means
of protecting or increasing/intensifying insolation towards
the collector(s) 12 and/or retlector(s) 18, such as the use of
a glass roof 1n FIG. 27, 1s considered within the scope of the
present invention. Therefore, 1n a new building installation,
the entire apparatus 10 could be enclosed within a roof
structure that 1s translucent to incoming solar radiation and
allow 1nstallation of the apparatus 1n adverse climatic loca-
tions including areas exposed to high wind conditions, hail,
or snow where the apparatus can be damaged by adverse
environmental conditions. Such a structure may also be
useful 1n hiding the apparatus 10 in the event 1t 1s not
considered aesthetically pleasing.

FIG. 29 demonstrates an embodiment wherein a similarly
configured apparatus 10 with three reflective faces mounted
to a vertical face of a structure, demonstrating the invention
1s not mntended to be limited to horizontal or sloping roof
tops but also vertical walls and the like 1mn areas with
suflicient insolation.

It 1s to be understood that the present invention may have
utility 1n applications other than those described herein. A
still further application may 1involve the apparatus 10 being
mounted to a truck or other mobile vehicle which may
transport the apparatus to a specified location 1n order to
collect solar energy and thereby act as a portable hot water
supply means, for example.

As discussed, another aspect of the invention 1s the
method of designing a solar energy collection apparatus 10
and allows for iterative variation by the user of various
factors which will affect the end design and overall perfor-
mance. The various determinations described 1n relation to
the size and orientation of each of the collector and retlective
faces may be based on known data to which a computer
processor carrying out the method of the invention has
access. Such data may be based on previous testing of
different configurations at different latitudes, and may be
updated as more test data 1s collected. The data that 1s used
and referenced 1n the determination steps may be data that
ensures optimal performance according to latitude to maxi-
mise, for example, any one of winter heat collection, year
round energy collection, and summertime energy collection.

A computer processor may be used to calculate the
position of the sun above horizon and hence the angles of
solar 1nsolation, for the particular latitude and for a particu-
lar time of the day and time of year, according to well-
known formulae, or alternatively such data may be derived
from published tables and stored in a memory of the
computer processor. The processor may also include a
keyboard and user interface or display or other means of
enabling a user to mnput position and other data required to
enable the processor to output a recommended design and/or
measure of performance of the specified design.

A graphical representation of the active retlector area may
be used to visualise the eflect of changes made. This may
assist, for example, to 1dentily areas or components which
may be increased or decreased 1n size to best utilise the
available space through means of a display of one or more
views ol the system with the reflective contributions shown.

The graphs presented 1n FIGS. 2-6 for a single reflector
apparatus, FIGS. 13-16 for a double retlector apparatus, and
FIGS. 20-23 for triple retlector apparatus, explore how
performance varies as one or two parameters are varied
whilst others fixed at demonstrative values, often optimal
values. It 1s thus data which the computer processor may
access 1n order to make the various determinations described
in the method embodying the present invention. The optimal
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values may be chosen with the aid of further graphs or
equations derived therefrom. It 1s obviously an iterative

process to determine all optimal values to be used Unless
otherwise stated the apparatus end graphs discussed are
optimised for total annual 1nsolation.

FIG. 4 shows the eflect of reflector oflset length o for an
apparatus located at latitude 34° S with other parameters
optimised. Optimal performance 1s achieved when the offset
length 1s approximately equal to the collector length.

FIG. 2 shows total daily summer insolation falling on a
collector versus reflector angle for a system located at 34° S.
Insolation 1s shown as a percentage of the yearly average
insolation for an unaugmented collector. Three curves are
shown to also demonstrate the effect of differing offset angle
m. The reflector length 1s set sufliciently large to have no
influence. Notably the curves have two peaks, the highest
left hand peak 1s for a retlector that would reflect sun that 1s
high 1n the sky around midday, whereas the right hand side
peak 1s for a reflector that operates early and late 1n the day
when the sun 1s lower 1n the sky and is seen to be far more
cllective. Similarly FIG. 3 shows total daily winter 1solation.
The winter improvement 1s seen to be much less than that for
summer. This 1s to be expected as apparatus used 1n the test
from which these results were generated was designed for
maximum vearly performance and therefore favours sum-
mer performance when there 1s more sunlight.

From test data used 1n the graphs described above equa-
tions for optimal parameters for maximum yearly gain, for

example, can be derived. Table 1 below summarises such
equations for a latitude 1 of 34° S.

TABLE 1

Examples of design parameter equations for optimised yearly

performance for a single reflector system located at 34° S

Parameter Equation for latitude |

Collector Angle ¢ =049 + 24.%8

Reflector Length RL = 0.002] + 2.35

Reflector Angle 0 =0.633] + 20.9

Offset Length o =-0.01] + 1.8

Offset Angle o = 0.00051° - 0.061° + 1.71 + 12.5

The graphs of FIGS. 5 and 6 demonstrate the performance
of a single reflector system optimised for year round per-
formance at a latitude o1 34° S as per Table 1. In each series
of graphs the performance of a system 1s compared with that
of an un-augmented system facing north with the collector
angle set to the latitude. The graphs show insolation versus
time of day for mid-summer and insolation versus time of
day for mid-winter. A performance improvement of approxi-
mately 60% over an un-augmented system can be seen.

FIGS. 15 and 16 show total daily insolation versus the two
reflector angles for summer and winter respectively for a
system at latitude 34° S. A determination of reflector angles
may be made on the basis of an optimal angles shown in
these graphs, and a particular graph or data therefrom may
be selected depending on the time of year that 1s desired to
be optimised.

Table 2 below summarises example equations for a
double reflector apparatus located at latitude 1.
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TABLE 2

Example design parameter equations for optimised yearly performance
for a double reflector apparatus located at latitude |

Parameter Equation for latitude |

Collector Angle
Reflector 1 Length
Reflector 2 Length
Reflector 1 Angle
Reflector 2 Angle
Offset Length
Oflset Angle

@ = 0.49] + 24.8

RL, = -3 x 107°1° + 5 x 1071 - 0.03] + 1.69
RI, =8 x 107°1° — 9 x 107#1° + 0.03] + 1.33
0, = 0.45] + 34.3

0, =15241n1- 25.8

o=7x 107°” - 0.01] + 1.25
w=-1041In1+ 49.3

The graphs of FIGS. 13 and 14 demonstrate the perfor-
mance of a double reflector apparatus optimised for year
round performance at latitude 34° S as per Table 2. In each
graph the performance of a system 1s compared with that of
an un-augmented system facing north with the collector
angle set to the latitude. The graphs show insolation versus
time of day for mid-summer 1nsolation versus time of day
for mid-winter; and daily total insolation throughout the
year. The performance of the double collector apparatus 1s
approximately double that of an un-augmented system.

FIGS. 22 and 23 show total daily insolation versus
reflector 2 and reflector 3 angles for summer and winter
respectively for a system at latitude 34° S. A determination

of reflector angles may be made on the basis of optimal
angles shown 1n these graphs, and a particular graph or data
therefrom may be selected depending on the time of year
that 1s desired to be optimised. For these graphs all other
parameters have been optimised for year round perior-
mance.

Equations for optimal parameters for maximum yearly
gain can be dernived, and Table 3 below summarises
examples of such equations.

TABLE 3

Example design parameter equations for optimised yearly performance
for a triple reflector apparatus located at latitude |

Parameter Equation for latitude |

Collector Angle @=6x1071° - 0.071° + 2.8] — 2.44

Reflector 1 Length RL, = -2 x 107°1° + 4 x 1071 - 0.025] + 1.35
Reflector 2 Length RI, = 6.7 x 107°1° = 7.5 x 107%% - 0.02] + 1.05
Reflector 3 Length RIL; =-2x 107°1° 4+ 20 x 1072 + 0.05] + 1.35

Reflector 1 Angle
Reflector 2 Angle
Reflector 3 Angle
Offset Length
Oflset Angle

0, = 0.471 + 34.3
0,=161In1+27.1
0,=11.5In1+ 25.65
o=7x 107°7 - 0.011 + 1.25
w=-1041n1+ 49.3

FIGS. 20 and 21 demonstrate the performance of appa-
ratus optimised for year round performance (in accordance
with Table 3). The performance of the system has marked
mid-morning and mid-aiternoon peaks as the collector will
shade the reflectors.

The preceding description has focused on systems opti-
mised for total year round performance. Such systems are
biased towards summer performance as there 1s more sum-
mer insolation available to be boosted. It may however be
desirable to maximise the performance boost 1n winter, for
example when extra hot water may be needed for heating
purposes. By similar considerations and calculations, com-
ponent lengths and angles optimised for winter performance
can be determined but are not described 1n detail herein for
the purpose of brevity. In brief, 1t has been shown that in
comparison with the yearly optimised system the winter
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performance 1s increased by almost 50% at midday in
winter, but at the cost of reduced summer performance. The
insolation 1s also more consistent throughout the vyear,
however the total insolation for the year i1s reduced by
approximately 9% at mid latitudes.

It 1s possible to increase the total annual insolation of a
system by changing component values during the year, 1.e.
using vearly optimised values daring summer and winter
optimised values during winter (the summer and yearly
optimised values are very similar, as optimising for summer
when there 1s the most natural 1nsolation produces the largest
overall improvement). Changing some of the values may
result 1in useful increases in performance. From a practical
perspective the angles are easiest to change and the RL, and
RL; lengths can always be set to the maximum of the
summer and winter requirements.

The skilled addressee would realise that in order to
change the angle 0 of the first reflector 20, which may come
about as a result of a sloping roof or the like upon which the
first retlector will sit, the collector position must be re-
defined as changing 0 will change the position of the
collector relative to the second 30 and third reflectors 32.
Thus, equations such as those presented above which may be
used 1n the determination steps of the present method may
indeed change as different values are input by a user as part
ol an 1iterative design process.

The reader will now appreciate the benefits of the present
invention which provides a solar energy collecting apparatus
that vastly increases the insolation incident on a solar
collector. The arrangement of the retlectors eflectively tracks
the sun across the sky without the need for moving parts.

Further advantages and improvements may very well be
made to the present mvention without deviating from its
scope. Although the invention has been shown and described
in what 1s conceived to be the most practical and preferred
embodiment, 1t 1s recognized that departures may be made
therefrom within the scope and spirit of the invention, which
1s not to be limited to the details disclosed herein but 1s to
be accorded the full scope of the claims so as to embrace any
and all equivalent devices and apparatus. Any discussion of
the prior art throughout the specification should 1n no way be
considered as an admission that such prior art 1s widely
known or forms part of the common general knowledge in
this field.

In the present specification and claims (1f any), the word
“comprising” and 1ts derivatives including “comprises” and
“comprise’” mnclude each of the stated integers but does not
exclude the inclusion of one or more further integers.

The 1nvention claimed 1s:

1. A solar energy collection apparatus to increase a
quantum of solar radiation incident on a collector of solar
energy, said apparatus comprising:

two reflecting surfaces 1n a location proximate to and

below the collector, and at an angle or angles other than
at a right angle to the collector, the reflecting surfaces
cach having a reflective surface area; wherein each of
the two retlecting surfaces 1s planar; and wherein each
of the two reflecting surfaces 1s mounted 1n a fixed
orientation and a fixed orientation relative to the col-
lector;

the collector adapted to receive solar radiation on a top

surface of the collector directly from the sun and
whereby the relative positioming of the two retlectors
causes reflected solar radiation to be, depending on the
time of the year either:

(a) not reflected from either of the two reflectors to an

underside surface of the collector; or
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(b) reflected from a first of the two reflectors to the

underside surface of the collector; or

(¢) retlected from the first of the two reflectors to a second

of the two reflectors and then onto the underside
surtface of the collector.

2. The solar energy collection apparatus according to
claim 1 wherein the two retlecting surfaces are substantially
immobile.

3. The solar energy collection apparatus according to
claim 1 wherein at least the displacement from or the angle
formed between a plane of the solar collector and a plane of
cach of the two retlectors 1s pre-determined to achieve a
specific increase up to a maximum theoretical increase in the
quantum of solar energy incident on the collector.

4. The solar energy collection apparatus according to
claim 3 wherein determination of the displacement from or
the angle formed between a plane of the solar collector and
a plane of each of the two reflectors 1s based on a given
latitude, wherein said given latitude 1s from about 60 degrees
North to about 60 degrees South of the Equator.

5. The solar energy collection apparatus according to
claim 4 wherein the determination of the displacement from
or the angle formed between a plane of the solar collector
and a plane of each of the two retlectors 1s based on:

(a) a given angle of the solar collector from a reference

plane; or

(b) a given orientation and dimension of the collector.

6. The solar energy collection apparatus according to
claim 4 wherein the determination of the displacement from
or the angle formed between a plane of the solar collector
and a plane of each of the two reflectors 1s based on:

(a) a given orientation and dimension of each of the two

reflectors from the collector; or

(b) a gtven number of one or more retlecting surfaces used

in the solar energy collection apparatus.

7. The solar energy collection apparatus according to
claim 6, wherein the solar energy collector has a length-wise
direction and 1s positioned on a mounting surface having a
maximum available length along said length-wise direction,
wherein pre-determination of the number of reflecting sur-
faces 1s based on the maximum available length of the
mounting surface.

8. The solar energy collection apparatus according to
claim 1, wherein the one or more reflectors have an entire
surface area to collector surface area ratio of at least 25%;
and wherein the location, displacement, and angle or angles
ol the one or more retlecting surfaces relative to the collector
are such that an increase in the quantum of solar energy
incident on the collector 1s achieved for a majority of
sunlight hours during most days of the annual cycle.

9. The solar energy collection apparatus according to
claim 1, wherein the collector contains a fluid to be heated.

10. The solar energy collection apparatus according to
claim 1, further comprising a third reflector.

11. The solar energy collection apparatus according to
claim 1, wherein the two reflecting surfaces comprises a first
reflecting surface and a second reflecting surface; and
wherein the first and second reflecting surfaces are fixedly
engaged with each other.

12. The solar energy collection apparatus according to
claim 11, wherein the first and second reflecting surfaces are
fixedly oriented at an obtuse angle relative to each other.

13. The solar energy collection apparatus according to
claim 11, wherein one end of the first reflecting surface 1s
connected to an end of the second reflecting surface.

14. A method of configuring a solar energy collection
apparatus, the method comprising steps of:
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providing two planar reflecting surfaces at a location
proximate to and directly below a collector of solar
cnergy;
mounting both of the reflecting surfaces 1n a fixed position
and at a fixed orientation relative to the collector; 5
sizing the two reflecting surfaces and the collector such
that a ratio between an entire reflective surface area of
the two reflecting surfaces and a collector surface area
1s at least 25%:;
positioning the collector such that the collector will 10
receive solar radiation on a top surface of the collector
directly from the sun;
mounting the two reflecting surfaces such that each
reflecting surface 1s oriented at an angle or angles other
than at a right angle to the collector; and positioning the 15
two reflectors relative to each other such that solar
radiation reflected therefrom, depending on the time of
the year 1s either:
(a) not reflected from either of the two reflectors to an
underside surface of the collector; or 20
(b) reflected from a first of the two reflectors to the
underside surface of the collector; or
(c) reflected from the first of the two retlectors to a second
of the two reflectors and then onto the underside
surface of the collector. 25
15. The method according to claim 14, further comprising
choosing said location, displacement and angle or angles of
the two reflective surfaces to cause an increase in the
quantum of solar energy incident on the collector for a
majority of sunlight hours during most days of the annual 30
cycle.
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